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1. Introduction

~ Organic materials and hybrid organic/inorganic materials have the potential to. play key
roles in modern technology related to American defense and civilian economy. In particular,
they have the potential for being the materials of choice for applications ranging from integrated
optical circuits to sensor protection to display technology. In the area of integrated optical
circuits (critical for the insertion of photonic technology into advanced systems), organic
polymeric materials can be used for low-loss passive and infrared waveguides, electro-optic
switches and high speed modulators, and integrated optical components such as wavelength -
filters, channel dropping filters, and power combiners. Futhermore, organic conjugated
molecules and polymers can be used to fabricated highly efficient, full color displays and
optically-pumped lasers utilizing the broad spectral range of emission colors available from these
materials. Inherent to these applications is the ease of fabricating complex waveguide circuits or
- pixels over relatively large areas; the ability to build devices on almost any substrate including
pre-processed semiconductor electronics; and the relatively wide range of materials properties
(index of refraction, electrical conductivity, etc.) that are available or can be engineered into
compatible systems. Moreover, organic materials are readily adaptable to nanoscale
architectures which can, in turn, be used to enhance device response such as optical limiting. For
example, amplification of inherent material optical limiting and lasing through dendrimer, block
copolymers, and photonic bandgap architectures may permit critical reduction in the threshold
for limiting and lasing, permitting wide scale implementation of new technology.

The first electrically pumped organic diode laser was achieved at the Bell Laboratories
[Batlogg & co-workers, Science, 289, 599-601 (2000)]. The threshold and other lasing
charecteristics of the organic diode lasers made from single-crystal thin films of pentacene were
found to be comparable or superior to the best current inorganic semiconductor lasers. These
initial results suggest the great potential in developing low power solid state light sources from
high quality organic materials and nanostructures. Because pentacene and related polyacenes are
very sensitive to oXygen and ambient moisture, development of other more stable conjugated
oligomers or polymers will be essential to make organic diode lasers practical. -

To realize this goal, the greatest challenge for scientists in this field is to find suitable
electroluminescent (EL) material systems (light emitter, electron and hole transporters) which
possess efficient and balanced charge injection/transport to ensure low operating voltages and
high guantum efficiencies. In addition, they need to sustain high transient current densities (10°
A/cm®) for electrical pumping and have good mechanical properties for multi-layer integration.
Furthermore, it is essential not only to minimize excited-state absorption so as to enhance optical
gain but also to improve the design of lasers with either a high-Q resonant cavity or a
waveguiding structure to reduce the lasing threshold. To date, many: studies have been
performed on optimizing one or several of the required properties. However, no single polymer
has met the requirements necessary for electrically-pumped lasing. ‘ :

In principle, an EL polymer requires the injection of holes and electrons into the emitter
layer. The recombination of the injected electrons and holes in the polymer layer generates
singlet excitons whose radiative decay produces visible light. The characteristics of an EL
polymer are determined by the tunneling of both holes and electrons through the interface
barriers which is caused by the band offset between the electroluminescent polymer and the




electrodes. A significant difference in the barrier height at the polymer/cathode and
polymer/anode interfaces results in unbalanced hole and electron injections and therefore
dramatically reduces the photon/electron quantum efficiency of the devices. In order to achieve
higher device efficiency, highly luminescent polymers must be chosen, ultimate control of the
metal-on-polymer interface, and balanced charge (hole and electron) mjectlon are all considered
to be crucial.

Although different groups are developing the basic luminescent molecules, polymeric
materials, processes, and devices, they measure and report their results based on different
specific and individual tests. Due to the different test procedures and measurement methods, it is
difficult to make comparisons between the materials. Thus, selecting the most promising
development path becomes difficult. To speed up the tedious selection process, it is highly
(desirable to have an integrated instrumentation that provides the necessary information such as
charge mobility, brightness, linear and circular polarized photo- and electro-luminescence
emissions, light polarization, current-electric field characteristics, and thresholds of optically
pumped lasing, in a short time span. In addition, information and structure/property relationships
developed during this process will be very beneficial for the material and device development for
light-harvesting, light-detection, and light amplification.

2. Objective

The objective of this DURIP program is to develop an integrated instrumentation package
that combines the capability of performing accurate and complete materials evaluation and
shortening the time required to make critical characterization information available to device
engineers and DoD program managers. The facility established in this program is capable of
efficiently and systematically characterizing electrical and optical properties of organic
conjugated oligomers and polymers for LEDs, solid state lasers, two-photon absorption, and
photovoltaic cell applications. It combines the capability of performing the measurements of
charge mobility, conductivity, linear and circular polarized photo- and electro-luminescence
‘emission spectra, luminous efficiencies, the thresholds of gain narrowing from optical pumping,
as well as cross-section for two-photon absorbing chromophores. In addition, the
‘instrumentation interfaces very well with the existing facility for performing LED and electro-
‘optic materials research at UW. This laboratory consolidates capabilities which we have
developed and which are currently being heavily used by researchers at DoD laboratories and by
industry (as well as by academic researchers from a number of universities) and will assure the
cost effective operation of the facility. The development of a complete material system for the
above applications will demonstrate the usefulness of the procedure and instrumentation.

3. Impact to the new research programs on organic electronics and photbvolt‘aié
materials at University of Washington '

The established instrumentation facility greatly enhances the quality and capability of the
LED/plastic laser and photovoltaic material research programs at the University of Washington
(UW) to evaluate suitable material system properties. The research programs established by
Professors Alex Jen and Larry Dalton possess the capability of synthesizing, characterizing, and
fine-tuning the properties of novel functional polymers. Recent exciting results from the LED




material development at Professor Jen’s group have shown excellent light-emitting and charge-
transportmg properties. Polymers with very low turn-on voltages (as low as 2.2 V), extremely
high external quantum efﬁcwnmes (> 6 %), luminous efficiency (25 Im/W at 100 cd/m?), and
high brightness (> 60,000 cd/m”) have been achieved. The combined properties of these
polymers have provided a great material foundation for the development of highly efficient
LEDs, plastic lasers, and photovoltaic cells.

UW’s current facility possesses the capability of measuring conductivity and electro-
activity (such as redox potentials/reversibility of the polymers by using cyclic voltammetry) of
polymers. For polymer characterization, this facility is equipped with instruments such as FT-
IR, UV-Vis-Near IR and FT-NMR for chemical structure identification; TGA and DSC for
thermal analysis; GPC and HPLC for polymer dual-head thin film evaporator in dry box for
evaporating metals and small organic molecules with controlled thickness; and Dektak
instrument for measuring thin film thickness. In addition, UW has state-of-the-art clean room in
its microfabrication laboratory that can provide the needed lithography and fabrication of
photonic and opto-electronic devices. The instrumentation facility established through this
program helps to guide the synthetic effort for fine-tuning the properties of polymers and
establishing desirable light-emitting, lasing, and light-harvesting material system propertles and
thus, directly impact the fabrication of highly efficient devices. -

4. Interface between the instrumentation and the existing facility for electro-optic (E-
O) and light-emitting materials research at University of Washington

This integrated instrumentation interfaces very well with the existing E-O and LED
materials research facility at UW to provide strong capability for evaluating organic
photonic/opto-electronic material properties. One of the new research program proposed by both
professors Jen and Dalton aims at demonstrating an integrated all polymer LED/E-O device by
using organic conjugated polymers as both a light source (plastic laser) and a photodetector, and
using NLO polymer channel waveguides as an E-O switching device. This instrumentation
greatly enhances the capability of quickly developing/screening both LED and E-O materials
systems to ensure the greatest chance of success. In the area of polymer characterization, the
facility at NU is equipped with the instruments such as TGA and DSC for thermal analysis; GPC
and HPLC for polymer molecular weight measurement; and Dektak instrument for measuring
thin film thickness. In addition, FT-IR and UV-Vis-Near IR spectrometer were used to
determine the thermal stability of the E-O polymer thin films. In the areas of optical and
electrical characterization, the micromanupilator device could be used to cure (up to 400 °C) and
pole NLO thin films and channel waveguides; Metricon prism coupler could measure refractive
index, optical loss, and thickness of polymer thin films; lock-in amplifier and the associated
electronic system could measure optical and electro-optic signal generated by LED/E-O
materials. This integrated instrumentation facility helps to bridge between the effort of
evaluating E-O and LED polymeric material system properties, and thus, directly impacts the
fabrication of all polymer laser devices.

5. Research training of students
The highly interdisciplinary nature of this program in developing high-performance light-
emitting materials for LED/laser device applications, the outstanding faculty and institutions



“involved, and connections with high technology device companies and DoD laboratories ensure
a rich educational environment for the graduate students, postdoctors, and undergraduate
students involved. Students are active members involved in closely integrated material
synthesis, characterization, and device fabrication. Students associated with this program will
emerge with a unique background and complement of skills. The ability to communicate with
and work with academic, government, and industrial researchers in other disciplines towards a
common goal will uniquely qualify them for the technical workforce of the future.
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